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PART  1 


INTRODUCTION 


A.  BACKGROUND .  The  U.S.  Army  Defense  Ammunition  Center  and  School  (USADACS), 
Validation  Engineering  Division  (SIOAC-DEV),  was  tasked  by  U.  S.  Army  Natick  Research, 
Development  and  Engineering  Center  (NRDEC)  to  evaluate  the  benefits  of  various  solar 
radiation  protection  methods  for  ISO  shipping  containers.  Testing  was  conducted  during  the 
Slimmer  months  of  1992,  1993, 1994  and  1995  atUSADACS,  Savanna,  IL.  Protection  methods 
tested  consisted  of  the  following:  ceramic  coatings  from  Florida  Institute  of  Technology  (FIT), 
NRDEC  container  cover;  NRDEC  double-thickness  tarpaulin;  a  container  cover  from  Fit’s-Right 
Canvas  and  Supply,  a  Division  of  Worldwide  Container  Services,  Inc.;  enamel  white  paint;  and 
tan  paint.  A  SeaVent  container  from  Sea  Containers  Services  Ltd.  was  also  tested  against  these 
protection  methods  to  assess  potential  benefits  of  a  container  with  vents. 

B.  AUTHORITY.  The  test  was  accomplished  lAW  mission  responsibilities  delegated  by  U.S. 
Army  Armament  Munitions  and  Chemical  Command  (AMCCOM),  Rock  Island,  IL.  Reference 
is  made  to  the  following: 

1.  Change  4, 4  October  1974,  to  AR740-1,  23  April  1973,  Storage  and  Supply  Activity 
Operation. 

2.  AMCCOM-R,  10-17,  Mission  and  Major  Functions  ofUSADACS,  13  January  1986. 

C.  OBJECTIVE.  The  objective  ofthe  environmental  monitoring  was  to  determine  which 
methods  provided  the  best  protection  against  temperature  elevation  caused  by  exposure  to  solar 
radiation. 
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D.  CONCLUSION.  Results  from  the  evaluation  indicated  that  the  NRDEC  double-thickness 
tarpaulin,  NRDEC  container  cover,  and  the  enamel  white  paint  provided  the  best  overall 
protection  against  temperature  elevation  caused  by  exposure  to  solar  radiation.  Results  from  the 
evaluation  also  indicated  that  the  SeaVent  container  was  within  appioximatly  10  degrees 
Fahrenheit  of  the  best  protection  methods. 
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PARTS 


TEST  SETUP 

Test  data  collection  was  performed  using  a  Climatronics  Corporation  weather  station 
equipped  to  monitor  up  to  32  external  thermocouple  sensors.  Thermocouple  sensors  were  placed 
in  identical  positions  on  the  tested  containers  to  minimize  the  effects  that  varying  probe  position 
could  have  on  the  test  data.  The  test  points  for  each  container  were  exterior  top  of  the  container, 
interior  top  of  the  container,  six  inches  below  the  top  of  the  container,  top  of  the  container  load, 
and  the  middle  of  the  container  load.  The  test  load  for  each  container  consisted  of  four  Multiple 
Laxmch  Rocket  System  (MLRS)  pods  stacked  two  high  and  two  wide  (see  part  6).  In  every  case 
except  the  SeaVent  container,  a  standard  U.S.  Air  Force  (USAF)  side-opening  container  was 
used  to  evaluate  the  different  solar  radiation  protection  methods,  thus,  eliminating  another 
possible  variable  that  might  effect  the  test  data.  The  containers  were  placed  in  a  rectangular  grid 
with  sufficient  spacing  between  containers  to  prevent  one  container  from  shading  another 
container  at  any  point  during  the  day.  The  weather  station  was  programmed  to  sample  the 
ambient  gages  every  15  seconds,  sample  the  external  thermocouples  every  minute,  and  output  an 
average  value  to  a  solid-state  storage  module  every  15  minutes.  The  sohd-state  storage  module 
was  downloaded  onto  a  computer  on  a  weekly  basis  where  the  environmental  data  could  be 
analyzed.  The  testing  sequence  for  the  evaluation  of  the  container  protection  methods  is  as 
shown  in  Table  1. 


Table  1 :  Sequence  of  Test  Events 


Item  Evaluated  Evaluation  Dates 

FIT  Ceramic  Coating  No.  1  19  Jim  -  28  Aug  92 

NRDEC  Double-thickness  Tarpaulin  Covered  Container 
Standard  USAF  Side-opening  Container 
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Item  Evaluated 


Evaluation  Dates 
27  Aug  -  29  Oct  93 


FIT  Ceramic  Coating  No.  1 
Standard  USAF  Side-opening  Container 

FIT  Ceramic  Coating  No.  2  03  Jun  -  05  Aug  94 

Tan-painted  Container 

Enamel  White-painted  Container 

NRDEC  Container  Cover 

NRDEC  Tarpaulin-covered  Container 

Standard  USAF  Side-opening  Container 

FIT  Ceramic  Coating  No.  2  5  Aug  -  23  Sep  94 

Tan-painted  Container 

Enamel  White-painted  Container 

NRDEC  Container  Cover 

Worldwide  Container  Cover 

Standard  USAF  Side-opening  Container 

FIT  Ceramic  Coating  No.  2  07  Jul  -  05  Sep  95 

Tan-painted  Container 

Enamel  White-painted  Container 

NRDEC  Container  Cover 

SeaVent  Container 

Standard  USAF  Side-opening  Container 
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PART  4 


METHOD  OF  ANALYSTS 


Analysis  of  the  test  data  collected  during  the  evaluation  periods  consisted  of  the  following 
calculations:  average  of  the  daily  peak  readings,  average  of  the  daily  peak  temperature  elevation 
over  ambient,  average  of  the  daily  peak  temperature  reduction  imder  the  control  container,  and 
frequency  distributions.  Results  from  these  calculations  were  used  to  compare  the  effectiveness 
of  the  different  solar  radiation  protection  methods. 

The  average  of  the  daily  peak  readings  calculation  was  performed  by  taking  the  average  of 
all  the  daily  peak  readings  for  each  individual  data  channel.  Each  peak  reading  was  chosen 
without  regard  for  the  time  of  occurrence  of  any  other  peak  reading  in  any  of  the  other  data 
channels;  i.e.,  the  peak  reading  for  one  data  channel  may  or  may  not  occur  at  the  same  time  of 
day  as  another  data  channel  (see  page  4-2,  example  1).  The  results  from  this  calculation  show 
how  hot  the  temperature  was  at  the  monitored  test  points. 

The  average  daily  peak  temperature  elevation  over  ambient  was  performed  in  a  two-step 
process.  The  first  step  consisted  of  calculating  the  differential  temperatures  by  subtracting  the 
ambient  temperature  from  each  time  corresponding  temperature  reading  in  the  tested  containers. 
The  average  of  the  daily  peak  differential  readings  was  then  calculated  for  each  given  data 
channel.  As  before,  each  peak  differential  value  was  chosen  without  regard  for  the  time  of 
occurrence  of  any  other  peak  differential  values  (see  page  4-3,  example  2).  The  results  from  this 
calculation  show  the  degree  to  which  the  solar  radiation  exposure  was  elevating  the  temperature 
at  the  monitored  test  points  above  the  ambient  temperature. 

The  average  daily  peak  temperature  reduction  under  the  control  was  also  performed  in  a 
two-step  process.  The  first  step  consisted  of  calculating  the  differential  temperatures  by 
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subtracting  the  temperature  readings  of  the  control  container  fiom  the  corresponding  temperature 
reading  (both  time  and  test  position  within  the  container)  in  the  tested  containers.  The  average 
daily  peak  differential  readings  was  then  calculated  for  each  given  data  channel  in  the  evaluated 
containers.  As  before,  each  peak  differential  value  was  chosen  without  r^ard  for  the  time  of 
occurrence  of  any  other  peak  differential  values  (see  page  4-3,  example  3).  The  results  from  this 
calculation  show  how  the  test  points  in  the  evaluated  container  compared  to  the  coresponding 
test  point  in  the  control  container. 

Frequency  distributions  of  the  temperature  readings  were  performed  based  on  the  number 
of  degrees  the  monitored  test  position  was  over  the  ambient  temperature  .  The  number  of 
temperature  readings  greater  than  10,  20,  30,  40,  and  50  degrees  over  the  ambient  temperature 
was  determined  for  each  monitored  test  point. 

Example  1 :  Daily  Peak  Value  Determination. 

Using  the  values  in  Table  2  (page  4-4),  the  following  daily  peak  values  would  be  obtained 
the  Julian  date  240. 

Ambient;  72.3 
Control,  Exterior  Top:  92.9 
Control,  Interior  Top;  91.8 
Ceramic,  Exterior  Top:  79.9 
Ceramic,  Interior  Top:  77.6 
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Example  2:  Daily  Peak  Temperature  Elevation  Over  Ambient. 


Using  the  values  in  Table  2  (page  4-4),  the  following  daily  peak  temperature  elevations 
over  ambient  would  be  obtained  for  Juhan  date  240.  Table  3  (page  4-5)  shows  the  results  from 
the  individual  differential  calculations  used  to  select  the  following  peak  values: 

Control,  Exterior  Top:  23.82 
Control,  Interior  Top:  22.72 
Ceramic,  Exterior  Top:  9.82 
Ceramic,  Interior  Top:  6.4 


Example  3:  Daily  Peak  Temperature  Reduction  Under  the  Control  Container. 

Using  the  values  in  Table  2  (page  4-4),  the  following  daily  peak  temperature  elevations 
over  the  control  container  would  be  obtained  for  Julian  date  240.  Table  4  (page  4-6)  shows  the 
results  from  the  individual  differential  calculations  used  to  select  the  following  peak  values: 

Ceramic,  Exterior  Top:  14 
Ceramic,  Interior  Top:  16.8 
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TABLE  2 


SAMPLE  TEST  VALUES  FOR  DEMONSTRATION  OF  CALCTn.ATTONS 


Control, 

Control, 

Ceramic, 

Ceramic. 

Exterior 

Interior 

Exterior 

Interior 

Julian  Date 

Time 

Ambient 

Top 

Top 

Top 

Top 

240 

100 

70.70 

72.50 

74.00 

70.40 

72.40 

240 

200 

69.75 

72.50 

74.00 

70.30 

72.30 

240 

300 

69.87 

72.10 

73.50 

69.93 

71.80 

240 

400 

69.24 

71.90 

73.30 

69.08 

71.00 

240 

500 

68.36 

70.70 

72.20 

68.46 

70.40 

240 

600 

68.18 

68.36 

70.50 

67.33 

69.14 

240 

700 

67.62 

69.43 

70.80 

67.36 

68.89 

240 

800 

67.42 

69.96 

70.80 

68.19 

69.16 

240 

900 

67.45 

73.60 

75.20 

70.90 

70.30 

240 

1000 

68.15 

77.20 

76.90 

70.00 

69.99 

240 

1100 

69.65 

80.50 

79.90 

73.00 

71.20 

240 

1200 

69.08 

92.90 

91.80 

78.90 

75.00 

240 

1300 

71.20 

89.40 

88.60 

79.90 

77.60 

240 

1400 

72.30 

80.50 

81.00 

76.80 

77.40 

240 

1500 

72.20 

75.60 

76.40 

74.00 

74.20 

240 

1600 

72.30 

75.90 

76.30 

74.00 

73.90 

240 

1700 

71.70 

74.60 

75.80 

71.90 

72.10 

240 

1800 

70.20 

71.10 

72.20 

69.95 

71.10 

240 

1900 

69.00 

69.82 

71.00 

68.64 

69.99 

240 

2000 

67.71 

69.01 

70.30 

67.60 

68.96 

240 

2100 

67.86 

67.83 

69.01 

66.98 

68.06 

240 

2200 

67.29 

68.18 

69.58 

66.82 

67.91 

240 

2300 

67.07 

68.48 

69.68 

66.67 

67.60 

240 

2400 

67.02 

68.67 

69.55 

66.61 

67.51 

Note:  The  data  have  been  reduced  to  hourly  readings  for  this  example  only.  All  Hgta  were 
used  during  the  actual  data  analysis. 
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TABLES 


CALCULATION  OF  DIFFERENTIAL  TEMPERATURES  FOR  THE  AVERAGE  OF  THE 
D ATT.Y  PEAK  TEMPERATURE  ELEVATION  OVER  AMBIENT 


Control  to 
Ambient 
Differential, 
Exterior 


Julian  Date 

Time 

Top 

240 

100 

1.80 

240 

200 

2.75 

240 

300 

2.23 

240 

400 

2.66 

240 

500 

2.34 

240 

600 

0.18 

240 

700 

1.81 

240 

800 

2.54 

240 

900 

6.15 

240 

1000 

9.05 

240 

1100 

10.85 

240 

1200 

23.82 

240 

1300 

18.20 

240 

1400 

8.20 

240 

1500 

3.40 

240 

1600 

3.60 

240 

1700 

2.90 

240 

1800 

0.90 

240 

1900 

0.82 

240 

2000 

1.30 

240 

2100 

-0.03 

240 

2200 

0.89 

240 

2300 

1.41 

240 

2400 

1.65 

Control  to 

Ceramic  to 

Ceramic  to 

Ambient 

Ambient 

Ambient 

Differential, 

Differential, 

Differential, 

Interior 

Exterior 

Interior 

Top 

Top 

Top 

3.30 

-0.30 

1.70 

4.25 

0.55 

2.55 

3.63 

0.06 

1.93 

4.06 

-0.16 

1.76 

3.84 

0.10 

2.04 

2.32 

-0.85 

0.96 

3.18 

-0.26 

1.27 

3.38 

0.77 

1.74 

7.75 

3.45 

2.85 

8.75 

1.85 

1.84 

10.25 

3.35 

1.55 

22.72 

9.82 

5.92 

17.40 

8.70 

6.40 

8.70 

4.50 

5.10 

4.20 

1.80 

2.00 

4.00 

1.70 

1.60 

4.10 

0.20 

0.40 

2.00 

-0.25 

0.90 

2.00 

-0.36 

0.99 

2.59 

-0.11 

1.25 

1.15 

-0.88 

0.20 

2.29 

-0.47 

0.62 

2.61 

-0.40 

0.53 

2.53 

-0.41 

0.49 

Note:  The  data  have  been  reduced  to  hourly  readings  for  this  example  only.  All  data  were 
used  during  the  actual  data  analysis. 
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TABLE 4 


CALCULATION  OF  DIFFERENTIAL  TEMP^ATURES  FOR  THE  AVERAGE  OF  THE 
DAILY  PEAK  TEMPERATURE  REDUCTION  UNDER  THE  CONTROT.  CONTAINER 


Control  to 

Control  to 

Ceramic 

Ceramic 

Differential, 

Differential, 

Exterior 

Interior 

Julian  Date 

Time 

Top 

Top 

240 

100 

2.10 

1.60 

240 

200 

2.20 

1.70 

240 

300 

2.17 

1.70 

240 

400 

2.82 

2.30 

240 

500 

2.24 

1.80 

240 

600 

1.03 

1.36 

240 

700 

2.07 

1.91 

240 

800 

1.77 

1.64 

240 

900 

2.70 

4.90 

240 

1000 

7.20 

6.91 

240 

1100 

7.50 

8.70 

240 

1200 

14.00 

16.80 

240 

1300 

9.50 

11.00 

240 

1400 

3.70 

3.60 

240 

1500 

1.60 

2.20 

240 

1600 

1.90 

2.40 

240 

1700 

2.70 

3.70 

240 

1800 

1.15 

1.10 

240 

1900 

1.18 

1.01 

240 

2000 

1.41 

1.34 

240 

2100 

0.85 

0.95 

240 

2200 

1.36 

1.67 

240 

2300 

1.81 

2.08 

240 

2400 

2.06 

2.04 

Note;  The  data  have  been  reduced  to  hourly  readings  for  this  example  only.  All  data  were 
used  during  the  actual  data  analysis. 
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PARTS 


TEST  RESULTS 

The  first  phase  of  testing  during  the  summer  months  of  1992  consisted  of  a  comparison  of 
the  first  ceramic  coating  fonnula  from  FIT;  NRDEC  double-thickness  tarpaulin;  and  a 
standard-colored  USAF  side-opening  container.  Results  from  the  summer  months  of  1992 
indicated  that  the  ceramic  coating  from  FIT  was  providing  minimal  protection  from  the 
temperature  elevating  effects  of  the  solar  radiation  while  the  NRDEC  double-thickness  tarpaulin 
almost  totally  eliminated  any  temperature  elevation  from  the  solar  radiation  exposure  (see  tables 
5-7).  As  seen  in  tables  5  -  7,  the  NRDEC  cover  had  a  lower  average  daily  peak  reading  than 
the  ceramic-coated  container,  was  within  approximately  10  degrees  of  ambient  at  all  monitored 
points  within  the  container,  and  had  peak  differential  temperature  readings  that  were 
significantly  lower  (as  compared  to  the  control  container)  than  the  ceramic-coated  container.  Id 
table  8,  the  frequency  distributions  of  the  collected  test  data  show  that  the  ceramic-coated 
container  had  approximately  the  same  number  of  elevated  temperature  readings  as  did  the 
control  container  while  the  NRDEC  tarpaiolin-covered  container  had  no  readings  more  than 
20  degrees  above  ambient  and  approximately  1,000  readings  or  less  at  the  monitored  test  points. 

TABLES 

AVERAGE  DAILY  PEAK  READINGS  (19  Jun  -  28  Aug  921 


Control 

NRDEC  Cover 

Ceramic 

Exterior  Top 

115.96 

80.89 

118.18 

Interior  Top 

119.34 

81.48 

118.59 

6"  Down  from  Top 

107.48 

84.30 

110.53 

Top  of  Load 

97.28 

82.06 

96.06 

Middle  of  Load 

83.35 

77.40 

85.59 

Ambient  Temp 

77.82 

Solar 

396.72 

Note;  All  temperatures  in  degrees  Fahrenheit.  Solar  radiation  in  BTU/(hr-ft-ft). 
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TABLE  6 

AVERAGE  DAILY  PEAK  TEMPERATURE  ELEVATION  OVER  THE 
AMBIENT  TEMPERATURE  09  Jim  -  28  Aug  91) 


Control 

NRDEC  Cover 

Ceramic 

Exterior  Top 

44.16 

6.21 

46.28 

Interior  Top 

47.29 

7.34 

46.58 

6"  Down  fix)m  Top 

35.23 

9.75 

38.47 

Top  of  Load 

23.81 

10.01 

22.40 

Middle  of  Load 

14.30 

11.13 

13.66 

Note:  All  temperatures  in  degrees  Fahrenheit. 


TABLE? 

AVERAGE  DAILY  PEAK  TEMPERATURE  REDUCTION  UNDER  THE 
CONTROL  CONTAINER  09  Jun  -  28  Aug  92i 


NRDEC  Cover 

Ceramic 

Exterior  Top 

38.72 

3.47 

Interior  Top 

41.12 

5.12 

6"  Down  from  Top 

27.95 

1.63 

Top  of  Load 

19.75 

2.40 

Middle  of  Load 

6.45 

1.89 

Note:  All  temperatures  in  degrees  Fahrenheit. 
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TABLE  8 

FREQUENCY  DISTRTOUTIONS  FOR  THE  TEST  DATA  COLLECTED 

19  Jun  -  28  Aug  92 


Exterior 

Interior 

6"  Below 

Top  of 

Middle  of 

Range 

Top 

Top 

Top 

Load 

Load 

2579 

2697 

3768 

3828 

>10 

1931 

2021 

2009 

1225 

2 

>20 

Control 

1298 

1470 

1119 

69 

>30 

648 

847 

175 

0 

0 

>40 

161 

282 

0 

0 

0 

>50 

0 

19 

638 

698 

1009 

>10 

NRDEC 

0 

0 

0 

0 

0 

>20 

0 

0 

0 

0 

0 

>30 

Tarp 

0 

0 

0 

0 

0 

>40 

0 

0 

0 

0 

0 

>50 

2576 

2639 

4178 

4784 

2180 

>10 

1987 

2027 

2095 

1081 

0 

>20 

Ceramic 

1441 

1500 

1316 

41 

0 

>30 

828 

867 

489 

0 

0 

>40 

308 

338 

28 

0 

0 

>50 

During  the  summer  months  of  1993,  the  first  ceramic  coating  formula  from  FIT  was 
compared  against  a  standard  colored  USAF  side-opening  container.  Results  from  the  analysis  of 
the  test  data  collected  indicated  that  the  ceramic  coating  performed  better  than  the  previous 
summer,  however,  was  still  providing  only  minimal  protection  from  the  temperature  elevating 
effects  of  the  solar  radiation  (see  tables  9  - 12).  As  seen  in  tables  9  - 10,  the  ceramic-coated 
container  had  an  average  daily  peak  reading  that  was  approximately  within  10  degrees  of  the 
control  container  and  was  within  approximately  10  degrees  of  the  control  container  for  the 
average  daily  peak  temperature  elevations  over  ambient.  In  table  12,  the  frequency  distributions 
of  the  collected  test  data  show  that  the  ceramic-coated  container  had  a  lower  number  of  elevated 
temperature  readings  as  compared  to  the  control  container. 
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TABLE  9 

AVERAGE  DAILYPEAK  READINGS  (21  Aug  -  29  Oct  93^ 


Location 

Control 

Ceramic 

Exterior  Top 

94.50 

83.89 

Interior  Top 

92.31 

81.64 

6"  Down  from  Top 

87.91 

78.90 

Top  of  Load 

77.47 

74.43 

Middle  of  Load 

68.81 

69.53 

Ambient  Temp 

66.37 

Solar  Radiation 

194.79 

Note:  All  temperatures  in  degrees  Fahrenheit.  Solar  radiation  in  BTU/(hr-ft-ft). 


TABLE  10 

AVERAGE  DAILY  PEAK  TEMPERATURE  ELEVATION  OVER  THE 
AMBIENT  TEMPERATURE  (27  Aug  -  29  Oct  93) 


Location 

Control 

Ceramic 

Exterior  Top 

34.15 

22.40 

Interior  Top 

31.95 

20.48 

6"  Down  from  Top 

28.38 

17.61 

Top  of  Load 

15.82 

11.04 

Middle  of  Load 

10.61 

8.26 

Note:  All  temperatures  in  degrees  Fahrenheit. 
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TABLE  11 

AVERAGE  DAILY  PEAK  TEMPERATURE  REDUCTION  UNDER  THE 
CONTROL  CONTAINER  (27  A»g  -  29-Qct  m 


Location 

Ceramic 

Exterior  Top 

13.89 

Interior  Top 

14.33 

6"  Down  from  Top 

13.23 

Top  of  Load 

8.25 

Middle  of  Load 

6.02 

Note;  All  temperatures  in  degrees  Fahrenheit. 


TABLE  12 

FREQUENCY  DISTRIBUTIONS  FOR  THE  TEST  DATA  COLLECTED 

27  Aug  -  29  Oct  93 


Exterior 

Top 

Interior 

Top 

6"  Below 
Top 

Top  of 
Load 

Middle  of 
Load 

Range 

1617 

1611 

2210 

2129 

1028 

>10 

1055 

1001 

1034 

227 

0 

>20 

Control 

568 

477 

375 

0 

0 

>30 

198 

143 

30 

0 

0 

>40 

42 

11 

0 

0 

0 

>50 

1198 

1105 

1218 

810 

270 

>10 

528 

455 

341 

23 

0 

>20 

Ceramic 

108 

88 

2 

0 

0 

>30 

4 

0 

0 

0 

0 

>40 

0 

0 

0 

0 

0 

>50 

Items  tested  during  the  first  part  of  the  summer  months  of  1994  included  the  second 
ceramic  coating  formula  from  FIT,  tan  paint,  enamel  white  paint,  NRDEC  double-thickness 
tarpaulin,  and  a  NRDEC  container  cover.  As  during  the  summers  months  of  1992  and  1993, 
these  items  were  compared  against  a  control  which  was  a  standard-colored  USAF  side-opening 
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I 

I 

container.  Results  from  this  data  indicate  that  the  enamel  white  container,  NRDEC  cover,  and 
the  NRDEC  tarpaulin  (the  NRDEC  tarpaulin  was  blown  off  the  container  during  the  last  10  days 
of  monitoring;  therefore,  the  last  10  days  of  data  from  the  NRDEC  tarpaulin-covered  container 
were  excluded  from  the  calculations)  provided  the  best  protection  while  the  ceramic  and  tan 
containers  were  approximately  half  as  effective  in  eliminating  the  temperature  elevating  effects 
of  solar  radiation  exposure  (see  tables  13  -  16).  As  seen  in  tables  13  - 15,  the  NRDEC  tarpaulin, 

I 

NRDEC  cover,  and  enamel-white  container  had  the  lowest  averages  from  the  daily  peak 
readings,  the  smallest  averages  from  the  daily  peak  temperature  elevations  over  ambient,  and  the 
largest  averages  from  the  daily  peak  temperature  reduction  as  compared  to  the  control  container 
In  table  16,  the  frequency  distributions  of  the  collected  test  data  show  that  the  enamel-white 
paint,  NRDEC  cover,  and  NRDEC  tarpaulin  kept  the  majority  of  the  readings  within  lO  degrees 
of  the  ambient  temperature  while  the  ceramic  coating  and  tan  paint  had  a  substantial  number  of 
readings  over  20  and  30  degrees  above  the  ambient  temperature. 


TABLE  13 

AVERAGE  OF  THE  DAILY  PEAK  READINGS  (03  Jun  -  05  Aug 
(Note;  The  last  10  days  of  data  from  the  NRDEC  taipaulin  were  invalid.) 


Location 

Control 

Ceramic 

Tan 

White 

NRDEC 

Cover 

NRDEC 

Tarpaulin 

Exterior  Top 

129.79 

113.86 

113.03 

98.13 

92.57 

86.46 

Interior  Top 

127.75 

114.13 

109.05 

90.23 

91.06 

88.01 

6"  Down  from  Top 

115.14 

106.35 

101.79 

88.53 

89.31 

89.93 

Top  of  Load 

102.27 

98.72 

92.03 

82.81 

83.91 

87.08 

Middle  of  Load 

89.20 

89.80 

84.06 

80.30 

79.67 

82.80 

Ambient  Temp 

Solar  Radiation 

82.78 

275.51 

Note;  All  temperatures  in  degrees  Fahrenheit.  Solar  radiation  in  BTU/(hr-ft-ft). 
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TABLE  14 

AVERAGE  DAILY  PEAK  TEMPERATURE  ELEVATION  OVER  THE 
AMBIENT  TEMPERATURE  (03  Jun  -  05  Aug  941 
(Note:  The  last  10  days  of  data  from  the  NRDEC  tarpaulin  were  invaUd.) 


Location 

Control 

Ceramic 

Tan 

White 

NRDEC 

Cover 

NRDEC 

Tarpaulin 

Exterior  Top 

51.26 

34.63 

34.24 

18.58 

13.18 

6.71 

Interior  Top 

49.14 

35.07 

30.15 

10.87 

11.65 

9.00 

6"  Down  from  Top 

36.41 

26.75 

22.85 

8.92 

10.22 

11.17 

Top  of  Load 

22.54 

18.65 

12.44 

7.00 

7.37 

9.18 

Middle  of  Load 

13.49 

12.05 

11.24 

6.99 

8.53 

10.26 

Note:  All  temperatures  in  degrees  Fahrenheit 


TABLE  15 

AVERAGE  DAILY  PEAK  TEMPERATURE  REDUCTION  UNDER  THE 
CONTROL  CONTAINER  (03  Jun  -  05  Aug  941 
(Note:  The  last  10  days  of  data  from  the  NRDEC  tarpaulin  were  invahd.) 


Location 

Ceramic 

Tan 

WTiite 

NRDEC 

Cover 

NRDEC 

Tarp 

Exterior  Top 

19.89 

17.86 

33.42 

39.04 

45.86 

Interior  Top 

19.33 

19.72 

38.60 

38.68 

41.35 

6"  Down  from  Top 

14.30 

14.27 

27.95 

28.34 

26.75 

Top  of  Load 

9.11 

10.85 

21.59 

21.12 

17.70 

Middle  of  Load 

7.77 

7.15 

9.68 

12.12 

8.57 

Note:  All  temperatures  in  degrees  Fahrenheit. 


5-7 


TABLE  16 

FREQUENCY  DISTRIBUTIONS  FOR  THE  TEST  DATA  COLLECTED 

03  Jun  -  05  Aug  94 

(Note:  The  last  10  days  of  data  from  the  NRDEC  tarpaulin  were  invalid.) 


Exterior 

Top 

Interior 

Top 

6"  Below 
Top 

Top  of 
Load 

Middle  of 
Load 

Range 

3077 

3121 

4545 

5145 

2125 

>10 

2360 

2350 

2285 

1096 

0 

>20 

Control 

1720 

1684 

1301 

2 

0 

>30 

1126 

1049 

221 

0 

0 

>40 

427 

342 

0 

0 

0 

>50 

2490 

2448 

2663 

2605 

738 

>10 

1584 

1603 

1448 

407 

6 

>20 

Ceramic 

756 

841 

235 

0 

0 

>30 

127 

164 

0 

0 

0 

>40 

0 

0 

0 

0 

0 

>50 

2559 

2415 

2583 

1640 

1002 

>10 

1630 

1417 

926 

0 

0 

>20 

Tan 

709 

343 

1 

0 

0 

>30 

89 

2 

0 

0 

0 

>40 

0 

0 

0 

0 

0 

>50 

1561 

I  383 

84 

63 

69 

>10 

118 

0 

0 

0 

0 

>20 

White 

0 

0 

0 

0 

0 

>30 

0 

0 

0 

0 

0 

>40 

0 

0 

0 

0 

0 

>50 

926 

724 

518 

138 

345 

>10 

NRDEC 

17 

1 

0 

0 

0 

>20 

Cover 

0 

0 

0 

0 

0 

>30 

0 

0 

0 

0 

0 

>40 

0 

0 

0 

0 

0 

>50 

26 

142 

531 

223 

502 

>10 

NRDEC 

5 

9 

2 

0 

0 

>20 

Tarp 

0 

0 

0 

0 

0 

>30 

0 

0 

0 

0 

0 

>40 

0 

0 

0 

0 

0 

>50 
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Items  tested  during  the  second  part  of  the  summer  months  of  1994  included  the  second 
ceramic  coating  formula  from  FIT,  tan  paint,  enamel-white  paint,  NRDEC  container  cover,  and  a 
Fit’s-Right  Canvas  and  Supply  container  cover.  As  during  the  summer  months  of  1992  and 
1993,  these  items  were  compared  against  a  control  which  was  a  standard-colored  USAF 
side-opening  container.  Results  from  this  data  indicate  that  the  enamel-white  container  and 
NRDEC  cover  provided  the  best  protection  amongst  the  five  evaluated  methods.  The  ceramic 
coating,  tan  paint,  and  the  Fit’s-Right  Canvas  and  Supply  cover  were  approximately  half  as 
effective  as  the  enamel-white  container  and  NRDEC  cover  in  eliminating  the  temperature 
elevating  effects  of  solar  radiation  exposure  (see  tables  17  -  20).  As  seen  in  tables  17  - 19,  the 
NRDEC  cover  and  enamel-white  container  had  the  lowest  averages  from  the  daily  peak 
readings,  the  smallest  averages  from  the  daily  peak  temperature  elevations  over  ambient,  and  the 
largest  averages  from  the  daily  peak  temperature  reduction  as  compared  to  the  control  container. 
In  table  20,  the  frequency  distributions  of  the  collected  test  data  show  that  the  enamel-white 
paint  and  NRDEC  cover  maintained  the  majority  of  the  readings  within  10  degrees  of  the 
ambient  temperature  while  the  ceramic  coating,  tan  paint,  and  Fit’s-Right  Canvas  and  Supply 
container  cover  had  a  substantial  number  of  readings  over  20  and  30  degrees  above  the  ambient 
temperature. 


TABLE  17 

AVERAGE  DAILY  PEAK  READINGS  (05  Aug  -  23  Sep  94) 


Location 

Control 

Ceramic 

Tan 

White 

NRDEC 

Cover 

Worldwide 

Cover 

Exterior  Top 

101.63 

101.94 

87.90 

86.42 

102.56 

Interior  Top 

113.82 

100.95 

97.93 

81.61 

85.11 

98.26 

6"  Down  from  Top 

95.77 

92,69 

80.83 

83.53 

94.52 

Top  of  Load 

92.97 

89.34 

84.14 

76.03 

78.09 

87.41 

Middle  of  Load 

81.37 

81.20 

77.10 

73.82 

73.64 

77.93 

Ambient  Temp 

Solar  Radiation 

77.60 

227.05 

Note:  All  temperatures  in  degrees  Fahrenheit.  Solar  radiation  in  BTU/(hr-ft-ft). 
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TABLE  18 

AVERAGE  DAILY  PEAK  TEMPERATURE  ELEVATION  OVER  THE 
AMBIENT  TEMPERATURE  ros  Aug  -  23  Sep  94;> 


Location 

Control 

Ceramic 

Tan 

White 

NRDEC 

Cover 

Worldwide 

Cover 

Exterior  Top 

43.09 

28.34 

29.32 

14.52 

13.14 

29.89 

Interior  Top 

41.46 

27.99 

25.31 

8.12 

11.68 

25.49 

6"  Down  from  Top 

32.68 

22.58 

20.14 

7.23 

9.94 

21.50 

Top  of  Load 

18.94 

14.77 

9.91 

5.72 

6.45 

13.14 

Middle  of  Load 

11.57 

9.00 

10.11 

5.94 

7.89 

11.78 

Note;  All  temperatures  in  degrees  Fahrenheit. 


TABLE  19 

AVERAGE  DAILY  PEAK  TEMPERATURE  REDUCTION  UNDER  THE 
■CONTROL  CONTAINER  (05  Aug  -  23  Sep  94) 


Location 

Ceramic 

Tan 

White 

NRDEC 

Cover 

Worldwide 

Cover 

Exterior  Top 

16.67 

14.45 

29.27 

30.60 

14.28 

Interior  Top 

16.48 

16.66 

33.67 

30.58 

17.30 

6"  Down  from  Top 

13.22 

12.97 

25.90 

24.73 

12.90 

Top  of  Load 

8.39 

9.70 

19.44 

17.76 

7.96 

Middle  of  Load 

6.71 

5.97 

8.22 

10.13 

5.73 

Note:  All  temperatures  in  degrees  Fahrenheit. 
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TABLE  20 

FREQUENCY  DISTRIBUTIONS  FOR  THE  TEST  DATA  COLLECTED 

05  Aug  -  23  Sep  94 


Exterior 

Top 

Interior 

Top 

6"  Below 
Top 

Top  of 
Load 

Middle  of 
Load 

Range 

898 

909 

1535 

659 

>10 

674 

675 

150 

0 

>20 

Control 

462 

444 

0 

0 

>30 

227 

187 

0 

0 

>40 

54 

26 

0 

0 

>50 

743 

716 

757 

622 

148 

>10 

459 

452 

366 

35 

0 

>20 

Ceramic 

159 

166 

34 

0 

0 

>30 

12 

10 

0 

0 

0 

>40 

0 

0 

0 

0 

0 

>50 

743 

682 

734 

239 

393 

>10 

442 

338 

189 

0 

0 

>20 

Tan 

111 

30 

0 

0 

0 

>30 

4 

0 

0 

0 

0 

>40 

0 

0 

0 

0 

0 

>50 

330 

22 

3 

23 

33 

>10 

4 

0 

0 

0 

0 

>20 

White 

0 

0 

0 

0 

0 

>30 

0 

0 

0 

0 

0 

>40 

0 

0 

0 

0 

0 

>50 

320 

232 

154 

41 

158 

>10 

NRDEC 

7 

1 

0 

0 

0 

>20 

0 

Cover 

0 

0 

0 

0 

>30 

0 

0 

0 

0 

0 

>40 

0 

0 

0 

0 

0 

>50 

782 

763 

1085 

815 

582 

>10 

Worldwide 

523 

451 

350 

7 

0 

>20 

Cover 

232 

122 

29 

0 

0 

>30 

27 

1 

0 

0 

0 

>40 

1 

0 

0 

0 

0 

>50 
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Items  tested  during  the  summer  months  of  1995  included  the  second  ceramic  coating 
formula  from  FIT,  tan  paint,  enamel-white  paint,  NRDEC  container  cover,  and  a  SeaVent 
container.  (Due  to  the  fact  that  the  SeaVent  container  was  an  end-opening  container,  a  load  and 
roll  pallet  (LRP)  was  used  to  store  the  MLRS  pods  in  the  container.  The  LRP  is  approximately 
8-inches  high  and  will  cause  the  temperature  readings  from  the  load  to  be  slightly  higher  due  to 
the  closer  proximity  of  the  temperature  probes  with  the  roof  of  the  container  as  compared  to  the 
other  containers.)  As  during  previous  summers,  these  items  were  compared  against  a  control 
which  was  a  standard-colored  USAF  side-opening  container.  Results  from  this  data  indicate  that 
the  enamel-white  container  and  NRDEC  cover  provided  the  best  protection  amongst  the  five 
evaluated  methods.  The  SeaVent  container  provided  the  next  best  protection  being 
approximately  10  degrees  higher  than  the  enamel-white  paint  and  NRDEC  cover.  The  ceramic 
coating  and  tan  paint  were  approximately  half  as  effective  as  the  enamel-white  container  and 
NRDEC  cover  in  eliminating  the  temperature  elevating  effects  of  solar  radiation  exposure 
(see  tables  21  -  24).  As  seen  in  tables  21  -  23,  the  NRDEC  cover  and  U.S.  Navy  (USN)  white 
container  had  the  lowest  averages  from  the  daily  peak  readings,  the  smallest  averages  from  the 
daily  peak  temperature  elevations  over  ambient,  and  the  largest  averages  from  the  daily  peak 
temperature  reduction  as  compared  to  the  control  container.  In  table  24,  the  frequency 
distributions  of  the  collected  test  data  show  that  the  enamel-white  paint  and  NRDEC  cover  kept 
the  majority  of  the  readings  within  1 0  degrees  of  the  ambient  temperature.  The  SeaVent 
container  had  similar  readings  with  the  tan-painted  container  and  ceramic-coated  container  for 
the  exterior  top  and  interior  top  probes,  however,  had  lower  temperature  readings  for  the  probes 
at  6  inches  below  the  top,  top  of  load,  and  middle  of  the  load. 
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TABLE  21 

AVERAGE  DAILY  PEAK  READINGS  (07  Jul  -  05  Sep  951 


Location 

Control 

Ceramic 

Tan 

White 

NRDEC 

Cover 

SeaVent 

Exterior  Top 

135.04 

121.08 

118.30 

103.04 

102.82 

114.66 

Interior  Top 

132.19 

124.28 

114.35 

95.47 

100.88 

116.10 

6"  Down  from  Top 

120.61 

114.93 

107.62 

94.13 

99.19 

104.70 

Top  of  Load 

107.82 

106.71 

97.83 

88.46 

92.74 

101.65 

Middle  of  Load 

94.59 

95.71 

89.39 

85.84 

86.62 

93.58 

Ambient  Temp 

Solar 

87.97 

269.54 

Note:  All  temperatures  in  degrees  Fahrenheit.  Solar  radiation  in  BTU/(hr-ft-ft). 


TABLE  22 

AVERAGE  DAILY  PEAK  TEMPERATURE  ELEVATION  OVER  THE 
AMBIENT  TEMPERATURE  (07  Jul  -  05  Sep  951 


Location 

Control 

Ceramic 

Tan 

White 

NRDEC 

Cover 

SeaVent 

Exterior  Top 

52.19 

37.74 

35.18 

18.99 

31.60 

Interior  Top 

49.33 

41.20 

31.23 

11.55 

32.99 

6"  Down  from  Top 

37.58 

31.16 

24.44 

9.80 

15.20 

21.71 

Top  of  Load 

21.81 

12.95 

6.95 

8.80 

17.25 

Middle  of  Load 

13.34 

12.17 

11.49 

6.84 

9.681 

2.91 

Note:  All  temperatures  in  degrees  Fahrenheit. 


5-13 


TABLE  23 

AVERAGE  DAILY  PEAK  TEMPERATURE  REDUCTION  UNDER  THE 
CONTROL  CONTAINER  r07  lul  -  05  Sep  951 


Location 

Control 

Ceramic 

Tan 

White 

NRDEC 

Cover 

SeaVent 

Exterior  Top 

52.19 

37.74 

35.18 

18.99 

19.24 

31.60 

Interior  Top 

49.33 

41.20 

31.23 

11.55 

17.17 

32.99 

6"  Down  from  Top 

37.58 

31.16 

24.44 

9.80 

15.20 

21.71 

Top  of  Load 

23.06 

21.81 

12.95 

6.95 

8.80 

17.25 

Middle  of  Load 

13.34 

12.17 

11.49 

6.84 

9.68 

12.91 

Note:  All  temperatures  in  degrees  Fahrenheit. 


TABLE  24 

FREQUENCY  DISTRIBUTIONS  FOR  THE  TEST  DATA  COLLECTED 

07Jul-05  Sep  95 


Exterior 

Top 

Interior 

Top 

6"  Below 
Top 

Top  of 
Load 

Middle  of 
Load 

Range 

2468 

2489 

3666 

4328 

1658 

>10 

1970 

1956 

1957 

973 

0 

>20 

Control 

1457 

1401 

1105 

1 

0 

>30 

920 

803 

112 

0 

0 

>40 

309 

197 

0 

0 

0 

>50 

2136 

2183 

2412 

2445 

739 

>10 

1482 

1610 

1514 

670 

0 

>20 

Ceramic 

775 

1017 

407 

0 

0 

>30 

113 

288 

1 

0 

0 

>40 

0 

7 

0 

0 

0 

>50 

2077 

1977 

2198 

1611 

909 

>10 

1355 

1154 

860 

0 

0 

>20 

Tan 

576 

307 

4 

0 

0 

>30 

42 

3 

0 

0 

0 

>40 

0 

0 

0 

0 

0 

>50 
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Exterior 

Top 

Interior 

Top 

6"  Below 
Top 

Top  of 
Load 

Middle  of 
Load 

Range 

1314 

426 

152 

49 

45 

>10 

100 

0 

0 

0 

0 

>20 

White 

0 

0 

0 

0 

0 

>30 

0 

0 

0 

0 

0 

>40 

0 

0 

0 

0 

0 

>50 

1402 

1281 

1386 

279 

482 

>10 

NRDEC 

142 

37 

3 

0 

0 

>20 

0 

0 

0 

0 

0 

>30 

Cover 

0 

0 

0 

0 

0 

>40 

0 

0 

0 

0 

.  0 

>50 

1804 

1859 

2783 

2420 

1459 

>10 

1121 

1187 

522 

168 

0 

>20 

SeaVent 

562 

667 

0 

0 

0 

>30 

82 

151 

0 

0 

0 

>40 

0 

1 

0 

0 

0 

>50 
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U.S.  ARMY  DEFENSE  AMMUNITION  CENTER  AND  SCHOOL  - 

SAVANNA,  IL 

A0317-SCN95-1 45-1 757.  This  photograph  shows  the  Cllmatronics  weather  station  that  was  used  to  monitor 
the  ambient  conditions  and  the  temperatures  within  the  containers. 


U.S.  ARMY  DEFENSE  AMMUNITION  CENTER  AND  SCHOOL  - 
_  SAVANNA,  IL 

A0317-SCN95-1 45-1 770.  This  photograph  shows  the  second  formulation  of  ceramic  coating  provided  by  FIT 
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US.  ARMY  DEFENSE  AMMUNITION  CENTER  AND  SCHOOL 

_ SAVANNA,  IL 

A0317-SCN95-1 45-1 759.  This  photograph  shows  the  NRDEC  container  cover. 


U.S.  ARMY  DEFENSE  AMMUNITION  CENTER  AND  SCHOOL  - 

SAVANNA,  IL 

A031 7-SCN95-1 45-1 769.  This  photograph  shows  the  tan  painted  side-opening  container 
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U.S.  ARMY  DEFENSE  AMMUNITION  CENTER  AND  SCHOOL  - 
_ SAVANNA,  IL 

A0317-SCN95-1 45-1 758.  This  photograph  shows  the  enamel-white  painted  side-opening  container, 


U.S.  ARMY  DEFENSE  AMMUNITION  CENTER  AND  SCHOOL 

SAVANNA,  IL 

A031 7-SCN96-1 52-277^ .  This  photograph  shows  the  worldwide  container  cover. 
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